Introduction: Although intra-abdominal hypertension (IAH) and abdominal compartment syndrome (ACS) are associated with substantial morbidity and mortality among critically ill adults, it remains unknown if prevention or treatment of these conditions improves patient outcomes. We sought to identify evidence-based risk factors for IAH and ACS in order to guide identification of the source population for future IAH/ACS treatment trials and to stratify patients into risk groups based on prognosis.
Introduction
Intra-abdominal hypertension (IAH) and abdominal compartment syndrome (ACS) are common and associated with substantial morbidity and mortality among critically ill adults [1] [2] [3] [4] . These conditions have been linked with acute and chronic renal failure [5] [6] [7] [8] [9] , multi-organ dysfunction syndrome (MODS) [10] , increased lengths of intensive care unit (ICU) and hospital stay [10] , and elevated mortality [5, 7, 10] . Unfortunately, it remains unknown if prevention or treatment (either surgical or medical) of IAH/ACS among these patients improves patientimportant outcomes. Identifying critically ill patients at risk for IAH/ACS is therefore important in order to guide identification of the source population for future treatment trials and to stratify patients into risk groups based on prognosis [11] .
As clinical examination is likely inadequate for diagnosis of elevated intra-abdominal pressure (IAP) [12, 13] , trans-bladder pressure monitoring is frequently used to more accurately identify IAH and ACS [14] . The World Society of the Abdominal Compartment Syndrome (WSACS) recommends measuring IAP via the bladder when one or more risk factors for IAH or ACS are present [14] . However, as the risk factors proposed in the latest WSACS guideline were reported to be largely opinion-or pathophysiology-based and occur among nearly all of the patients admitted to the ICU, identifying evidence-based risk factors may better inform IAP screening practices [15] .
Although a number of studies of IAH/ACS risk factors have been published, interpretation of their reported estimates of risk is difficult due to significant between-study clinical heterogeneity [1, 2, 9, 10, [15] [16] [17] [18] [19] [20] [21] [22] [23] . Many of these studies included varying patient populations, ranging from purely medical [1, 2, 9, 15, 18, 19 ] to post-operative trauma and other surgical patients [16, 17, 20, 21, 23] . Several also used somewhat ambiguous descriptions (for example, blood glucose level [10] and fluid [1, 24] or crystalloid resuscitation [1, 2, 16, 17] ) or varying thresholds or cutoffs (for example, crystalloid resuscitation >3 L or >7.5 L [17] ) to define their proposed candidate risk factors. Finally, some of the studies defined IAH or ACS differently, and adjusted their estimates of risk for potential confounding factors to varying degrees.
In order to assist clinicians in comparing the risk of IAH or ACS development across varying patient populations, risk factor definitions, and study methodologies, we conducted a systematic review of IAH/ACS risk factors among adult ICU patients that utilized a formal narrative synthesis alongside a meta-analysis. As we sought to increase the awareness, dissemination, and use of the findings of this systematic review, we invited international members of the WSACS and WSACS Clinical Trials Working Group to be engaged across all phases of this study.
Materials and methods
Methods for inclusion of articles and analysis and reporting of their results were specified a priori in a protocol developed according to recommendations from the preferred reporting items for systematic reviews and meta-analyses (PRISMA) [25] and the meta-analysis of observational studies in epidemiology (MOOSE) [26] statements. We did not request ethical review of the study as this is not required by the University of Calgary Conjoint Health Research Ethics Board for systematic reviews and meta-analyses.
Search strategy
We searched Ovid MEDLINE and EMBASE, PubMed, the Cochrane Central Register of Controlled Trials (CENTRAL), and the Cochrane Database of Systematic Reviews from their first available date until January 21, 2013 without restrictions. Two investigators (DJR, AWK) created the initial MEDLINE search strategy. This strategy was then piloted and refined by another investigator (JKH) by adding additional thesaurus/ indexing search terms when new and relevant citations were located [27] . Using a combination of Medical Subject Heading (MeSH)/Emtree terms and keywords, we constructed search filters covering the themes IAH/ACS, risk factors, and critical care (see Additional file 1: Table S1 for our final electronic search strategies). In order to identify additional citations, we also used the PubMed 'related articles' feature, contacted content experts (including members of the WSACS), and manually searched bibliographies of included studies and relevant review articles. Finally, we wrote to the first or corresponding author of nine articles in order to clarify study procedures or obtain additional study data [1, 2, 9, 10, 17, [20] [21] [22] [23] .
Study selection
Two investigators (JKH, DJR) independently screened the titles and abstracts of all identified citations. We used the following inclusion criteria: (1) study participants were adult (≥16 years old) ICU patients; (2) the study reported patient-level characteristics considered candidate risk factors for IAH or ACS; (3) IAH was reported to be diagnosed using trans-bladder pressure measurements [14, 28] ; (4) odds ratios (ORs) or relative risks (RRs) (either adjusted or unadjusted for potential confounding factors) relating the candidate risk factor with the development of IAH or ACS were provided or could be calculated; and (5) the study design was observational. Although we defined and graded IAH and ACS according to the definitions developed by the WSACS [14] , studies using alternate definitions or grading schemes for these conditions were also included. As outlined by the WSACS, primary ACS was considered to be ACS associated with injury or disease in the abdominopelvic region while secondary ACS included that not originating from the abdominopelvic region [14] . Disagreements between investigators regarding study inclusion were resolved by consensus.
Data extraction
The same two investigators extracted data independently using a pre-designed electronic data extraction spreadsheet piloted on a representative sample of five included studies. We extracted the following data from included studies: (1) design and setting, including ICU type; (2) study participant characteristics, including age, primary patient diagnosis (for example, trauma, intraabdominal sepsis, or pancreatitis), and severity of illness (for example acute physiology and chronic health evaluation II (APACHE-II) [29] , sequential organ failure assessment (SOFA) [30] , and injury severity score (ISS) [31] ); (3) indications used for IAP measurement; (4) whether the method of trans-bladder IAP measurement followed the recommendations of the WSACS (that is measurement via the bladder at end-expiration in the completely supine position with a maximal instillation volume of 25 mL and the transducer zeroed at the midaxillary line) [14] ; (5) whether the patient was mechanically ventilated or breathing unassisted; (6) reported candidate risk factors for IAH or ACS and their exact definitions; and (7) the definition of IAH and ACS.
Risk of bias assessment
Risk of bias was assessed independently and in duplicate by two investigators (JKH, DJR) using the guidelines proposed by Hayden and colleagues for the evaluation of the quality of prognostic studies [32] . These guidelines assist in evaluating study patient participation and attrition; prognostic factor, outcome, and confounding factor measurement; and the conducted statistical analyses using a four-point ordinal scale (yes/partly/no/unsure) [32] . As the method of statistical data analysis may substantially influence the reported results of an observational study, we also examined whether each of the included observational studies met the more detailed recommendations developed by Moss and colleagues for reporting multivariable logistic regression analyses in the pulmonary and critical care literature [33] . These authors recommend that study investigators report the logistic regression equation developed for the analysis, name the statistical package utilized, identify the selected variables for inclusion in the model, and explain whether attempts were made to assess for inter-variable collinearity, effect measure modification, and model validity [33] . Several other study items of interest were also assessed, including study temporality (prospective versus retrospective), patient enrollment (consecutive versus nonconsecutive), the definition of IAH and ACS, and the method of bladder pressure measurement (WSACS versus other) [14] . We also examined whether studies reported the ventilatory status of included patients and whether the patient was calm and/or abdominal muscular contractions were absent during IAP measurements.
Analysis
Following recommendations provided by Rogers and colleagues and Popay and coworkers on the conduct of narrative synthesis in systematic reviews [34, 35] , we conducted a staged formal narrative synthesis of candidate risk factors alongside a random-effects meta-analysis.
We began by clustering the identified candidate risk factors for IAH and ACS separately into themes (for example, patient characteristics) and subthemes (for example, the disease severity of the patient as measured by a validated scale) without consideration of presenting patient diagnosis in order to identify those that transcended across patient populations [33] . Within subthemes, we then used vote counting [33] to summarize the direction (that is hazardous or protective) and strength of statistical evidence against the null hypothesis of no risk using a simple ordinal scale. This three-level ordinal scale summarized all identified patient-level characteristics as either a: (1) risk factor (OR point estimate and confidence interval (CI) >1), (2) an exposure that was neither hazardous nor protective (CI included 1), or (3) an exposure that was protective (OR and CI <1) [33] .
Vote counting is a relatively novel narrative synthesis tool that can be used to identify patterns across heterogeneous data. It involves pre-determining categories (in this case subthemes) and then assigning 'data points' (in this case a value of one for each risk factor from a study within a subtheme) to these categories [34, 35] . This type of descriptive tool subsequently allows for the creation of simple stacked bar charts, which provide a simple visual representation of how many reported potential risk factors were reported to have a hazardous, null, or protective effect across all of the identified observational studies.
Within subthemes, we then stratified each of the identified candidate risk factors into groupings according to presenting patient diagnosis (for example, trauma, pancreatitis, or mixed ICU patients) [33] . As only a few of the adjusted ORs for the reported risk factors had similar enough definitions (and were estimated from similar populations), only a select number of risk factor estimates could be combined through meta-analysis. However, where appropriate, adjusted risk factor ORs were pooled using random-effects models according to the method proposed by DerSimonian and Laird [36] . As only RRs were available in one study [2] , we converted these measures into ORs using the method proposed by Deeks and colleagues [37] .
In order to assess for inter-study heterogeneity in our pooled ORs, we calculated Cochran's Q homogeneity [38] and I 2 inconsistency statistics [39] . As suggested by Higgins and colleagues, we considered an I 2 statistic of >25%, >50%, and >75% to represent low, moderate, and high degrees of heterogeneity, respectively [40] . Although we planned to conduct sensitivity or stratified analyses in the presence of inter-study heterogeneity (in order to determine whether our pooled estimates varied across a number of a priori-identified covariates), these analyses were only able to be conducted based on patient respiratory status (that is mechanically ventilated versus breathing unassisted) and diagnosis (for example, trauma or severe acute pancreatitis). All analyses were performed using Stata version 12.0 (Stata Corp., College Station, TX, USA).
Results

Study selection and characteristics
Among 1,224 unique citations, a total of 14 studies enrolling 2,500 critically ill adults met the inclusion criteria ( Figure 1 ) [1, 2, 9, 10, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . Among the 14 included studies, 11 were cohort studies [2, 9, 10, [15] [16] [17] [18] [19] [22] [23] [24] , two were case-control studies [20, 21] , and one was a crosssectional study [1] . Seven studies included mixed ICU patients [1, 2, 9, 15, 18, 19, 24] , one included surgical ICU patients [21] , two included severe acute pancreatitis patients [10, 22] , and four included trauma patients, including those who were in shock [17] or who presented with torso [16] , a variety of blunt [23] , and severe extremity injuries [20] . Two studies included only mechanically ventilated patients [15, 18] . Eight authors [1, 9, 17, [20] [21] [22] [23] responded to our requests for supplementary study data, and one [1] provided us with their original dataset and regression modeling strategy such that we could calculate an adjusted OR for a candidate risk factor that was only reported in the manuscript as an adjusted P value. The characteristics of the included studies are shown in Table 1 .
Risk of bias assessment
While the methodological quality of the included studies was variable, seven satisfied most or all of the criteria proposed by Hayden and colleagues ( Table 2 ) [32] . Although 13 did not report whether abdominal muscular contractions were absent during IAP measurement, one study targeted a Richmond Agitation Sedation Scale score of −5 (unarousable) in all patients undergoing IAP monitoring [18] . Ten studies used the WSACS criteria to define IAH and ACS [1, 2, 9, 10, 15, 18, 19, 22, 24, 41] while four used alternate criteria to define ACS (including the need for abdominal decompression due to IAP ≥25 mmHg with organ dysfunction, pulmonary/ renal/cardiovascular dysfunction, or oliguria/increased peak airway pressure) among some of the included ICU patients (see Additional file 1: Tables S2 and S3 ) [16, 20, 21, 23] . Further, three studies included a small number of patients diagnosed with IAH/ACS using physical examination alone [20, 22, 23] . In two of the included 14 studies [15, 16] , it was unclear if some of the included trauma patients may have been diagnosed with ACS while having an open abdomen as they were reported to have undergone damage control laparotomy.
While the quality of reporting of multivariable analyses appeared adequate when assessed using the guidelines proposed by Hayden and colleagues [32] (Table 2) , when assessed in more detail using those suggested by Moss et al. [33] several methodological limitations became apparent (Additional file 1: Table S4 ). Eight of the studies failed to provide clearly operational definitions of their reported candidate risk factors (for example, large volume fluid resuscitation) [1, 2, 9, 10, 17, [20] [21] [22] . Moreover, although in all of the included studies except three [10, 18, 22] the reported ORs were adjusted for potential confounding factors, only two studies specifically reported which covariates were included in the regression model [20, 23] . Finally, eight studies [1, 9, 10, 15, 16, 19, 21, 22] appeared to select variables for inclusion in the model using stepwise selection procedures (which may have tended to eliminate non-significant factors), none mentioned whether investigators assessed for effect measure modification, and only three reported using a goodnessof-fit test for model validation [2, 9, 16] .
Risk factors for IAH and ACS
Of the 14 included studies, nine reported candidate risk factors for IAH [1, 2, 9, 10, 15, [17] [18] [19] 24] while six reported candidate risk factors for ACS [16, 18, [20] [21] [22] [23] . Using narrative synthesis techniques, we clustered the 62 identified candidate risk factors, including 38 for IAH and 24 for ACS, into three themes, including baseline patient characteristics, systemic physiology, and fluid resuscitation, and eight subthemes ( Table 3 ). The direction of 'risk' associated with the factors included in each subtheme, and the strength of evidence against the null hypothesis of no risk of IAH/ACS, is summarized in Figure 2 . Large-volume crystalloid resuscitation, the respiratory status of the patient, and shock/hypotension were observed to be the most common risk factors for IAH and ACS that transcended across presenting patient populations.
Risk factors for IAH
Significant risk factors for IAH (stratified by narrative synthesis subtheme), including those pooled in meta-analysis, are reported in Table 4 . In contrast, all IAH risk factors, regardless of their significance level, are reported in (Additional file 1: Table S2 ).
Mixed patients
Among mixed ICU patients, common risk factors for IAH included obesity, sepsis/infection, the presenting Potentially relevant citations identified n = 1731
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Articles excluded n = 119 APACHE II mean (standard deviation) unless otherwise stated; b primary ACS was defined as ACS associated with injury or disease in the abdominopelvic region, secondary ACS was defined as ACS not originating from the abdominopelvic region [14] . ACS, abdominal compartment syndrome; ISS, injury severity score; IAP, intra-abdominal pressure; IAH, intra-abdominal hypertension; IQR, interquartile range; SOFA, sequential organ failure assessment; AIS, abbreviated injury scale.
diagnosis of the patient, abdominal surgery, acidosis, hypotension, mechanical ventilation/acute respiratory distress syndrome (ARDS), and crystalloid and noncrystalloid resuscitation. Four studies reported that obesity (defined as body mass index (BMI) >30 kg/m 2 ) was a risk factor for IAH in mixed ICU patients [1, 15, 18, 19] . Among these studies, the pooled OR for IAH was 5.10 (95% CI, 1.91 to 13.58; I 2 = 60.2%; P = 0.057). Although this estimate was associated with moderate heterogeneity, one of the four studies included only mechanically ventilated patients [15] . In a sensitivity analysis excluding the results of this study, the pooled OR increased to 8.80 (95% CI, 3.66 to 21.19) , and this estimate was homogenous across studies (I 2 = 0.0%; P = 0.945).
Sepsis was also observed to be a risk factor for IAH among mixed populations of ICU patients. Among two studies of mixed ICU patients [9, 19] , the pooled OR of IAH among those with sepsis was 2.38 (95% CI, 1.34 to 4.23). This estimate was homogeneous across studies (I 2 = 0.0%; P = 0.465).
Four studies reported abdominal surgery as a risk factor for IAH among mixed ICU patients [2, 9, 15, 24] . The pooled odds of IAH among those undergoing abdominal surgery was 1.93 (95% CI, 1.30 to 2.85) times the odds of IAH among patients not undergoing abdominal surgery in these studies. There was a moderate amount of heterogeneity in this estimate (I 2 = 57.1%; P = 0.072), which could not be explained in a sensitivity analysis excluding the results of a single study that included only mechanically ventilated patients.
Two studies [2, 24] reported development of ileus to be a risk factor for IAH among mixed ICU patients while two others [1, 24] reported large volume fluid resuscitation to be a risk factor (>3.5 L of crystalloid or colloid in the last 24 hours). The pooled OR of IAH associated with ileus development was 2.05 (95% CI, 1.40 to 2.98), which was homogeneous (I 2 = 0.0%; P = 0.960) across studies. The pooled odds of IAH among those who received large volume fluid resuscitation was 2.17 (95% CI, 1.30 to 3.63) times the odds of IAH among those who did not received fluid resuscitation. This estimate was also homogeneous across studies (I 2 = 0.0%; P = 0.350).
Trauma and severe acute pancreatitis patients
Among trauma patients, common risk factors for IAH included abdominal surgery, increased plasma base deficit, and pre-ICU crystalloid resuscitation. Among pancreatitis patients, common risk factors included age, gender, disease severity (higher APACHE II and Glasgow-Imrie scores), and large volume crystalloid resuscitation. These risk Where participation was defined as the study sample being representative of the patient population of interest, attrition was defined as loss to follow-up being described and not associated with key participant characteristics (that is, selection bias), prognostic factor indicated that risk factors were adequately defined and measured within the text of the paper (the authors of any studies not satisfying this criteria completely were contacted for definition clarification), outcome measurement indicated that intra-abdominal hypertension/abdominal compartment syndrome (IAH/ACS) is defined and adequately measured (for this category, 'yes' specifically indicated that the WSACS consensus definitions and guidelines for intra-abdominal pressure (IAP) measurement were used by the studies whereas 'partly' indicated IAH/ACS that the study used either the WSACS consensus definitions or IAP measurement guidelines (but not both), and 'no' indicated that either the WSACS consensus definitions or measurement guidelines were both not used, or that some patients had their IAH or ACS diagnosed by physical examination) [42] , confounding indicated that potential confounders were appropriately accounted for, and analysis indicated the statistical analysis is appropriate for the study design. In general, for each of the above categories, 'yes' indicated conditions were satisfied, 'no' indicated conditions were not satisfied, 'partly' indicated conditions were partly satisfied, and 'unsure' indicated it was unclear whether or not conditions were satisfied.
factors were too clinically heterogeneous to pool through meta-analysis.
Risk factors for ACS
Significant risk factors for ACS are listed in Table 5 . These could often be classified across studies according to location of care (pre-ICU or ICU). All reported risk factors for ACS, regardless of significance level, including those for primary and secondary ACS, are shown in (Additional file 1: Table S3 ).
Pre-ICU ACS risk factors
Two studies reported pre-ICU (pre-hospital and Emergency Department) risk factors for ACS [16, 20] . Prehospital crystalloid administration was observed to increase the odds of secondary ACS [20] as did development of a systolic blood pressure <86 mmHg or administration of >3 L of crystalloid in the Emergency Department [16] . Both Emergency Department crystalloid administration and resuscitation with >3 L of crystalloids significantly increased the odds of primary and secondary ACS, while surgical intervention within 75 minutes of Emergency Department admission increased the odds of primary ACS [16] .
ICU ACS risk factors
Significant risk factors for ACS among those in the ICU included poor disease severity scores, markers of metabolic derangement/organ failure, shock/hypotension, and large volume crystalloid and non-crystalloid resuscitation ( Table 5 and Additional file 1: Table S3 ) [16, 22, 23] . Among surgical patients, although positive fluid intake/fluid balance were the most common reported candidate risk factors for ACS, these were non-significant when adjusted for Figure 2 Vote counting descriptive analysis of candidate risk factors for IAH/ACS. Vote counting is a descriptive tool that can be used to identify patterns across heterogeneous data. All candidate risk factors from the included studies were first grouped into a subtheme (which is reported along the vertical axis of each of the displayed graphs) and then categorized as to whether they were a: (1) risk factor (odds ratio (OR) point estimate and confidence interval (CI) >1), (2) an exposure that was neither hazardous nor protective (CI included 1), or (3) an exposure that was protective (OR and CI <1) by arbitrarily assigning each of these three categories a representative color (shown in the legend). Subsequently, studies reporting candidate risk factors were assigned a value of one within each of the above-named categories and then summed in order to display the stacked horizontal bar charts shown in each of the vote-counting summary plots. IAH/ACS, intra-abdominal hypertension/abdominal compartment syndrome. *Unadjusted; † indicative of a risk factor that was not clearly defined; ‡ although the odds ratio in these studies appeared to increase per liter of fluid, this was unclear in the manuscript. Where abdominal infection was defined as infection of the peritoneal cavity confirmed by radiology or microbiology [19] , or pancreatitis, abscess, or other [2] ; sepsis was defined according to consensus definitions [9, 19] ; and respiratory failure was defined as PaO 2 /FiO 2 <300 mmHg [15] . APACHE II, acute physiology and chronic health evaluation II, CVP, central venous pressure; PEEP, positive end-expiratory pressure; ARDS, acute respiratory distress syndrome.
other covariates (Additional file 1: Table S3 ) [21] . In trauma patients, common risk factors similarly included crystalloid and non-crystalloid resuscitation, as well as markers of metabolic derangement/organ failure, and shock/hypotension [16, 20, 23] . In pancreatitis patients the most common risk factors included high APACHE II and Glasgow-Imrie scores [22] . The varying definitions of these risk factors precluded the production of pooled risk estimates.
Discussion
Although clinical practice guidelines recommend that IAP be measured via the bladder in all ICU patients with risk factors for IAH or ACS [14] , intravesicular pressure measurement is time consuming and may not be required in many ICU patients. When performed at fourhour intervals, IAP measurements may take up to 30 to 42 minutes of nursing time per day [43] . Although controversy exists [44] , some have also reported that instillation of saline into the bladder may increase risk of urinary tract infection [41, 43] . Thus, defining exactly which patients are at increased risk for IAH and/or ACS could prevent measurement of IAP when not indicated. Further, knowledge of which patient groups are at increased risk for these conditions is important for the design of future studies and to guide clinicians during IAH screening decisions. This systematic review identified 25 unique significant risk factors for IAH and 16 for ACS. These risk factors could be clustered into three themes, including baseline patient characteristics, systemic physiology, and fluid resuscitation, and eight subthemes. Obesity, certain presenting patient diagnoses (sepsis, intra-abdominal infection, abdominal surgery, pancreatitis, cirrhosis, and gastrointestinal bleeding and ileus), acidemia and hypotension, and large volume crystalloid and non-crystalloid resuscitation were common risk factors for IAH among mixed ICU patients while abdominal surgery, base deficit, and pre-ICU crystalloid resuscitation were common risk factors for IAH among trauma patients. Crystalloid resuscitation was the most common risk factor for ACS in trauma and surgical patients as were indicators of metabolic derangement/organ failure and shock/hypotension. Finally, among patients with severe acute pancreatitis, higher APACHE II/Glasgow-Imrie scores and elevated serum creatinine were risk factors for ACS.
Crystalloid resuscitation prior to ICU admission was found to be a risk factor for both IAH and ACS among trauma patients [16, 17, 20] . Importantly, although we found that Emergency Department poly-transfusion with packed red blood cells (PRBCs) (≥3 units) was associated with ACS [16] , a study by Cotton and colleagues suggests that this risk may be mitigated by use of a massive transfusion protocol that limits crystalloids and provides a larger ratio of plasma and platelets (that is more colloids) [45] . This suggestion is supported by the results of one of the included studies, which reported a graded increase in the odds of ACS as the crystalloid to PRBC ratio increased [23] . Although these findings suggest that there may be an association between the volume or type of administered resuscitation fluids and the incidence of IAH/ACS, the reason for this association remains somewhat unclear as it could be either fluid-or pathology-related. Thus, future studies are needed to determine optimal fluid resuscitation strategies for trauma patients, and IAH/ACS should be considered in these evaluations.
Although this study affords the first comprehensive description of evidence-informed risk factors for IAH/ ACS, it has several limitations. First, heterogeneous risk factor definitions and the inclusion of varying patient populations among the included studies precluded the production of pooled OR estimates for many risk factors.
Second, as some of the included studies failed to provide clear definitions of their reported risk factors, several likely cannot be readily operationalized in practice. Third, although the quality of reporting of multivariable analyses appeared adequate when assessed using the guidelines proposed by Hayden and colleagues [32] , when assessed in more detail using those suggested by Moss et al. [33] several methodological limitations became apparent. For example, one study reported an OR upper CI limit that exceeded 1,000 as well as an OR point estimate that was higher than the upper CI limit [16] , suggesting that either there were very few events in the logistic regression models used, or the models were highly unstable. Moreover, as stepwise model selection procedures were used by the majority of the included observational studies, some IAH/ACS risk factors may be underreported in this systematic review. Finally, as this study was interested in determining risk factors for IAH and ACS, we excluded studies that examined the effect of exposures on changes in IAP as a continuous measure. Thus, in addition to the risk factors reported in this study, clinicians may also need to consider the influence of other modifiable patient-level variables, including head of bed elevation [46] [47] [48] and prone versus supine positioning [49] [50] [51] [52] [53] .
Conclusions
In summary, this systematic review and meta-analysis identified 25 unique evidence-informed risk factors for IAH and 16 for ACS. Although several of these risk factors appeared to transcend across patient populations (for example, large-volume crystalloid resuscitation and the presence of shock/hypotension), many were specific to the type of patient population under study. Among mixed ICU patients, certain specific presenting or admission diagnoses, the presence of shock or metabolic derangement, and the volume of crystalloids used in their initial resuscitation appear to be important considerations in determining risk of IAH and ACS. As our findings were partially limited by clinical heterogeneity and the quality of statistical analyses conducted in the included studies, the risk factors reported in this study should be considered candidate evidence-based risk factors until formally evaluated in a prospective multicentre observational study, which is currently being planned.
Key messages
This systematic review and meta-analysis identified 25 unique evidence-informed risk factors for IAH and 16 for ACS Although several of these risk factors appeared to transcend across patient populations (for example, large-volume crystalloid resuscitation and the presence of shock/hypotension), many were specific to the type of patient population under study Among mixed ICU patients, their specific presenting or ICU admission diagnosis, the presence of shock or metabolic derangement, and the volume of crystalloids used in their initial resuscitation appear to be important considerations in determining risk of IAH and ACS Risk factors for IAH with pooled evidence supporting an increased risk among mixed ICU patients included obesity, sepsis, abdominal surgery, ileus development, and fluid resuscitation As our findings were partially limited by clinical heterogeneity and the quality of statistical analyses conducted in the included studies, the risk factors reported in this study should be considered candidate evidence-based risk factors until formally evaluated in a prospective multi-centre observational study.
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